Discrimination between atrioventricular node reentry tachycardia (AVNRT) and orthodromic reciprocating tachycardia (ORT) during an electrophysiological study is sometimes challenging. This study aimed to investigate if the difference in the local VA (ventricle-atrium) interval during ventricular entrainment pacing and during tachycardia (DVA, defined as the shortest local VA interval of coronary sinus [CS] during entrainment minus the shortest local VA interval of CS during tachycardia) was different in patients with AVNRT and patients with ORT.
D iscrimination between atrioventricular node reentry (AVNRT) and orthodromic reciprocating tachycardia (ORT) during an electrophysiological study can be occasionally challenging. [1] [2] [3] [4] [5] Since the local ventricle and local atrium near the accessory pathway (AP) are components of ORT 6) and they are activated sequentially during entrainment and during tachycardia, the local ventricle-atrium (VA) interval near the AP during ventricular entrainment pacing of the tachycardia may be similar to the local VA interval near the AP during tachycardia. On the other hand, it has been established that the ventricle does not contain the component of the circuit of AVNRT, 6) and therefore the local VA interval during entrainment may be different from that during tachycardia.
Because almost all APs (except for the Mahaim bundle) were located in the mitral annulus or tricuspid annulus, we assumed the shortest local VA interval of the coronary sinus (CS) was the local VA interval when the AP was on the left side or in a septal location. For AVNRT, the local VA interval during entrainment of the tachycardia and that during the tachycardia should be different because the activation pattern during entrainment is different from that during tachycardia. When it comes to a right side AP, we aimed to investigate if there were properties of the local VA interval of the CS orifice using the right AP that could be used to differentiate ORT from AVNRT.
In this study, we tested the value of a new parameter: the shortest VA interval of CS during entrainment minus that during tachycardia, in differentiating AVNRT from ORT.
Methods

Patient characteristics:
We included 168 consecutive patients (82 men and 86 women; mean age 44 ± 17 years) from December 2010 to April 2016 referred to our clinic for electrophysiological study and radiofrequency ablation because of paroxysmal, regular tachycardias with narrow QRS complex, without preexcitation during normal sinus rhythm. Patients with tachycardia that had more than 1 mechanism and those in which the entrainment of the tachycardia could not be achieved were excluded from the study. Electrophysiological study: After obtaining written informed consent, an electrophysiological study was performed. All antiarrhythmic drugs were discontinued at least five elimination half-lives prior to the study. Quad-He, ET AL ripolar electrode catheters were inserted into the right femoral vein and advanced to the anteroseptal tricuspid valve (His bundle recording), and right ventricle (RV). A decapolar electrode catheter was introduced into the right jugular vein or left subclavian vein and placed in the coronary sinus.
Surface ECG leads and at least four intracardiac electrograms were recorded and stored on a conventional recording system (Bard, Lab system). Bipolar intracardiac electrograms were filtered between 30 and 500 kHz and recorded at a speed of 100 or 200 mm/s. Bipolar pacing was performed at twice diastolic threshold from the distal electrode pair. All patients had a single mechanism of paroxysmal supraventricular tachycardia that was successfully eliminated by radiofrequency catheter ablation. Diagnoses of AVNRT or ORT through a concealed AP were made according to conventional electrophysiological criteria. 6, 7) Atrial tachycardia was excluded in all patients by the presence of an atrial-ventricular response after entrainment of the tachycardia from RV. 7) Entrainment of the tachycardia was attempted by 5 to 10 pacing pulses from RV at a cycle length 20 to 40 ms shorter than the tachycardia cycle length. A train of 15 pacing pulses was attempted if shorter pacing sequences were unsuccessful. Entrainment was confirmed when the atrial cycle length accelerated to the pacing cycle length, without a change in the atrial activation sequence and the tachycardia resumed after pacing was discontinued. The shortest VA intervals of the CS during entrainment and during tachycardia were measured. In addition, in 5 patients with right free wall AP, we introduced a catheter to the site near the AP (subsequent ablation block the conduction of the AP) to measure the local VA interval. The maximal amplitude or the onset of the local electrogram was used to measure the VA interval. Because we focused on the difference of the two intervals, to measure the intervals, using the onset of the local electrogram or the maximal amplitude of the local electrogram were both allowed. Statistical methods: Continuous variables are given as mean value ± SD and were analyzed using Student's t-test or the Mann-Whitney U-test when appropriate. P !0.05 was defined as significant.
Results
Electrophysiologic diagnosis:
Electrophysiologic study demonstrated ORT through a concealed AP in 73 patients. The concealed AP had a septal location in 19 patients (5 right superoparaseptal, 1 right inferoparaseptal, 5 left inferoparaseptal, and 8 parahisian). In 11 patients there was a right free wall AP and 43 patients had a left free wall AP.AVNRT was demonstrated in the remaining 95 patients. AVNRT was found to be a slow-fast or typical form in 86 patients, a slow-slow type (posterior type) in 3 patients, and fast-slow or uncommon form in 6 patients.
There was no significant difference in age between patients with AVNRT and patients with ORT (47 ± 16 years versus 40 ± 19 years, P = 0.257). There was also no significant difference in sex between patients with AVNRT and patients with ORT (41 male/54 female versus 41 male/32 female, P = 0.095).
Difference of the local VA interval in patients with AVNRT versus ORT:
The shortest local VA intervals of CS were measured in each patient with AVNRT or ORT during entrainment and during tachycardia. The difference of local VA intervals (DVA) was defined as the shortest local VA interval of CS during entrainment minus the shortest local VA interval of CS during tachycardia. Sometimes in patients with AVNRT, the atrial potential was seen before the ventricular potential and the VA interval was considered to be a negative number. The DVA in patients with AVNRT was significantly longer than that in patients with ORT (120 ± 20 ms versus 5.7 ± 9 ms, P < 0.001). In patients with AVNRT, the mean of the DVA was 120 ± 20 ms. Specifically, in 3 patients with AVNRT of the slow-slow type, the DVAs were 110, 110, and 130 ms. In 6 patients with AVNRT of the fast-slow type, the DVAs were 140, 120, 120, 112, 78, and 108 ms; see an example in Figure 1A . In the remaining 86 patients with DIFFERENTIATION OF SUPRAVENTRICULAR TACHYCARDIA . Entrainment of ORT using the right free wall AP or ORT with a right bundle block using the left free wall AP. A: Entrainment of ORT in a patient using the right free wall AP. The local VA interval of CS 7-8 was the shortest local VA interval of CS during tachycardia. The local VA was measured from the onset of the local V electrogram to the onset of the subsequent A electrogram. DVA = 132 ms-164 ms = -32 ms. In addition, an ablation catheter (ABL-D) was advanced to the site near the AP. Notice that the local VA interval of ABL-D during entrainment was 40 ms and during tachycardia was 40 ms. B: Entrainment of ORT in a patient with right bundle block using the left free wall AP. The DVA was -8 ms (30 ms -38 ms). However, if using the SA-VA interval (the SA-VA interval in HBE is 200 ms, while A potential is not clear in HBE during tachycardia; the SA-VA interval difference in CS 9-10 is 160 ms -30 ms = 130 ms; if using high right atrium catheter, the SA may be longer because the high right atrium was activated after CS ostium), it would be 130 ms (160 ms-30 ms), and leads to a wrong diagnosis.
an AVNRT of the slow-fast type, the mean of the DVAs was 120 ± 20 ms; an example is shown in Figure 1B .
In patients with ORT, the mean of the DVAs was 5.7 ± 9 ms. Specifically, in patients with septal AP (n = 19), the mean of the DVAs was 11 ± 7.2 ms. An example is shown in Figure 2A . In patients with ORT using a left side AP (n = 44), the mean of the DVAs was 5.2 ± 7.9 ms, see an example shown in Figure 2B .
In patients with ORT using a right free wall AP (n = 11), the mean DVAs (the difference of the local AV interval of CS orifice) was -3 ± 14 ms. Because in patients with right AP the DVAs is not the real local VA interval, we also placed a catheter to the site near the AP in 5 patients with a right free wall AP (subsequent ablation blocked the conduction of the AP confirming the position of the AP), the difference local VA interval during entrainment and during ORT was 2 ± 1 ms. See an example shown in Figure 3A .
In 4 patients with AVNRT and 5 patients with left free wall AP, an intermittent right bundle block occurred during tachycardia and the DVA was more than 99 ms in the former and less than 20 ms in the latter. In 2 patients with AVNRT, an intermittent left bundle block occurred during tachycardia. DVA in both patients was more than 100 ms. The results from one patient with a left free wall AP and right bundle block are shown in Figure 3B . The DVA was -8 ms (30 ms -38 ms). However, if using the SA-VA interval (the SA-VA interval in HBE is 200 ms, while the A potential is not clear in HBE during tachycardia; the SA-VA interval difference in CS 9-10 is 160 ms -30 ms = 130 ms; if using a high right atrium catheter, the SA interval may be longer because the high right atrium was activated after CS ostium, it would be 130 ms (160 ms -30 ms), and leads to a wrong diagnosis (see the Discussion).
There was no overlap of DVAs between patients with He, ET AL AVNRT and patients with ORT. A value of 34 ms midway between the lowest value in AVNRT (48 msec) and the highest value in ORT (20 msec) discriminates between these rhythm disorders with a positive predictive value, negative predictive value, sensitivity, and specificity of 100%.
Discussion
Major findings: We demonstrated that comparing the shortest VA interval of CS during entrainment of tachycardia and during tachycardia was a simple and reliable maneuver in distinguishing patients with AVNRT from those with ORT through a concealed AP.
In this study, we found that the DVA during entrainment of tachycardia and during tachycardia was more than 48 ms in all patients with the slow-fast type of AVNRT. This is also the case in patients with the fast-slow type of AVNRT and the slow-slow type of AVNRT. In all patients with ORT, the DVA during entrainment of tachycardia and during tachycardia was less than 20 ms. Specifically, in cases of left free wall AP, the DVA was less than 20 ms. The DVA in patients with a septal AP was also less than 20 ms. The DVA in patients with a right free wall AP was less than 20 ms and was often less than -10 ms.
Unlike the septal AP and the left free wall AP, in patients with right free wall AP the local ventricle muscle near CS was not involved in the circuit of ORT. Nevertheless, the DVA was less than 20 ms for the right free wall AP, while the DVA in patients with AVNRT was more than 45 ms. Therefore, DVA appears to also be useful to distinguish patients with AVNRT from those with ORT through a right concealed AP.
Discrimination between AVNRT and ORT during an electrophysiological study is generally uncomplicated. ORT using a left-sided accessory pathway (AP) can often easily be diagnosed based on the eccentric atrial activation in the CS recordings. However, distinguishing AVNRT from ORT using a concealed septal AP may be challenging because of similar concentric septal atrial activation patterns. In addition, ORT involving a right-sided AP can be confused with AVNRT because of limited right-sided recordings, especially in situations with improper placement of the right atrial catheter. These factors make the differential diagnosis challenging. [8] [9] [10] Electrical stimulation is widely used in electrophysiology. [11] [12] [13] His bundle refractory period pacing is used to differentiate AVNRT from ORT. Although the change of the atrium activity when ventricular pacing during the His bundle refractory period is useful, it seems that not all ventricular pacing in the His bundle refractory period could conduct to the atrium. Furthermore, confirmation of the His bundle refractory period could be complicated. Although we did not find any patients with a left side dual pathway in this study, the DVA may be useful to distinguish it from left side AP as well. Mechanisms: During entrainment of the AVNRT, the short VA interval during AVNRT is a "pseudo-interval" due to parallel wavefront propagations and simultaneous atrial and ventricular activations while RVA overdrive pacing during AVNRT always results in a longer VA time than that during tachycardia, when the local ventricle and local atrium are activated sequentially (Figures 4A, 4B) . On the contrary, during entrainment of the ORT using a septal AP, the antidromic penetration of the pacing wavefronts (N) collided with the orthodromic wavefronts of the previous activations (N-1); and the orthodromic penetration of the pacing wavefronts (N) activate the local ventricle and local atrium similar to that during tachycardia, therefore resulting in a similar orthodromic wavefront approaching the CS and a similar local VA interval as that during tachycardia (Figures 5A, 5B ). This is also the case in left side pathways.
During entrainment of ORT using a right free wall AP, we introduced a catheter to the site near the AP (subsequent ablation block the conduction of the AP) in 5 patients, we also demonstrated that the difference of the local VA interval near the AP during entrainment and the local VA interval during ORT was less than 50 ms. The mechanism may be as same as the left side AP and the DIFFERENTIATION OF SUPRAVENTRICULAR TACHYCARDIA Figure 5 . Schematic illustration of the mechanism of DVA to identify the ORT using the septal AP. A: During entrainment, the orthodromic wavefront activated from the pacing site to the atrium, resulted in the sequence activation of the local ventricle and local atrium, as during the tachycardia demonstrated in B. Note that to focus on the local ventricle and local atrium only required the local interval without considering the conduction time from pacing site to the AP, indicate that the block of the bundle could not affect the local interval. B: During ORT using the septal AP, the local ventricle and local atrium were activated sequentially. Figure 6 . Schematic illustration of the mechanism of DVA to identify the ORT using the right AP. A: During entrainment, the local ventricle was activated by the N-1 orthodromic wavefront while the local atrium was activated by the N orthodromic wavefront. Because the N orthodromic wavefront was ahead of the N-1 orthodromic wavefront, the local atrium was activated earlier than during tachycardia. B: In the latter, the orthodromic wavefront of the last stimulation and the wavefront of the circuit during tachycardia activated the local atrium and local ventricle sequentially.
septal AP.
In addition, we demonstrated that the DVA (difference of the local VA interval of CS orifice during entrainment of ORT using right side AP and during ORT using right side AP) can also be used to differentiate the AVNRT because in the former the DVA was less than 20 ms while in the latter the DVA was more than 45 ms.
During entrainment of the ORT using a right free wall AP, the local ventricle near the CS orifice was activated by the orthodromic penetration of the pacing wavefronts (N-1), while the local atrium was activated by the orthodromic penetration of the pacing wavefronts (N) ( Figure 6A) . First, the time that the N orthodromic penetration of the pacing wavefronts from the pacing site to the local atrium was less than the N-1 orthodromic penetration of the pacing wavefronts arrival to the local atrium (if the N-1 wave fronts propagated to the local atrium, it would use more time because the N wave fronts need not travel all the way from the atrioventricular node (AVN) to the pacing site); second, if the N-1 wave fronts propagated to the local atrium, for example, the N-1 wave front was the last pacing wavefront, it propagated from the AVN to the pacing site (and activated the local ventricle) and then from the pacing site to the local atrium via AP, just like the wavefront during the tachycardia ( Figure 6B) , which means the time the last pacing wavefront spend the same time like the wavefront during the tachycardia from the AVN to the local atrium. Therefore, the DVA during entrainment was less than that during tachycardia, as our results support (only 1 patient with right AP did not have a negative DVA, which may be caused by the RV pacing position, which was at the septum). Other studies: Premature right ventricular complexes pacing 14) and entrainment pacing for differentiating AVNRT from ORT has been reported in previous studies. [15] [16] [17] [18] Michaud, et al. 15) reported that the postpacing interval after entrainment of AVNRT by RV pacing exceeded the tachycardia cycle length by > 115 ms. Their method is often used to identify the septal AP. However, for left side AP, there may be some limitations. PPI needs to consider the whole circuit including atrioventricular node, this may lead to a wrong diagnosis if the AV conduction was changing. Another parameter in their study is VA interval. 17) The difference in stimulation-high right atrium interval (SA) and ventricle (onset of QRS complex)-high right atrium interval (VA) may also not be useful if the AP is located at the left side and if the bundle branch is blocked ( Figure 3B ). Therefore, we believe a local VA interval, which will not be affected by the BBB or AV conduction because it only involved the local activity near the pathway, may be useful. Study limitations: It should be noted that the atrial electrogram of CS may represent two components: the CS potentials and the atrial potentials. In this study, we did not confirm them because of the difficulty in differentiating them. The CS potentials may potentially affect the precise measurement of the local VA interval, though this did not happen in this study. Occasionally, it is difficult to identify the onset of the local ventricular potential, which may make this method hard to practice.
Conclusions
DVA may be a simple and reliable parameter in distinguishing patients with AVNRT from those with ORT.
Disclosures
Conflicts of interest:
None.
